Globally, nearly 37 million people are living with HIV with about 70 percent of these living in Sub-Saharan Africa (SSA). Stigma and discrimination remain one of the major barriers to preventing new infections in the country. However, misconceptions about HIV/AIDS have been indicated as one of the key drivers of the disease. Efforts to prevent new infections have not been entirely successful. Therefore, this study aims to examine the trends and distribution in comprehensive knowledge of HIV and AIDS and determine the factors associated with comprehensive awareness of HIV and AIDS among adult women and men. The study relies on data from three rounds of Ghana Demographic & Health Surveys conducted in 2003, 2008 and 2014 to show trends. Logistic regression was used for multivariate analysis. The thematic mapping of HI/AIDS comprehensive knowledge was conducted using ArcGIS version 10.4 using GPS coordinates in the 2014 GDHS which contained aggregated individual characteristics and HIV knowledge scores.
Introduction
One of the major targets of the Millennium Development Goal Six was halting and reversing the HIV epidemic by 2015. Progress on this target is measured by a range of factors, including HIV rates among young people aged 15 to 24, rates of condom use and knowledge of HIV and AIDS. The global response to HIV has averted 30 million new HIV infections and nearly 8 million (7.8 million) AIDS-related deaths since 2000, when the MDGs were set (MDG Report, 2015) . However, shortfalls remain and the global plan is to move towards the elimination of new HIV infections among children and keeping their mothers alive. Knowledge and behaviour affect an individual's risk of acquiring HIV infection and therefore behaviour change remains the world's primary tool for achieving this goal.
In Ghana, the HIV epidemic continues to be a generalised epidemic with a prevalence rate of 2.4 percent in 2016, an increase of 0.6 percentage points from 2015. In 2014, when the median HIV prevalence as determined by the HIV Sentinel Surveillance Survey (HSS) was 1.6., many people were of the view that the efforts to reduce new infections were proving successful. However, there has been a steady increase since 2014, which demands a further look. Regional trends in HIV prevalence has also shifted from previous years. For instance, Volta Region and Brong Ahafo Region which previously had prevalence rates around 1 percent, have suddenly shot up to 2.7 percent in 2016 (National AIDS/STI Control Programme (NACP), 2017). A Modes of Transmission (MOT) study undertaken in 2014 to determine the contributions of various population groups (aged 15-49 years) to HIV transmission, estimated 6,704 new HIV infections among adults in Ghana in 2014 with the majority of infections (72.3%) occurring among the general low risk population. Currently, transmission among the general population (persons having casual heterosexual sex, their partners, and couples in stable heterosexual relationships) is becoming a more important driver of the HIV epidemic in Ghana (United Nations General Assembly Special Session (UNGASS), 2014).
Sound knowledge about HIV and AIDS is an essential prerequisite for adoption of behaviours that reduce the risk of HIV transmission. A key component of the National Strategic Plan is the prevention of new HIV infections. The plan sets the targets for prevention strategies and outputs to halve HIV infections by year 2015 relative 2010 baseline figure of about 25,000. This will be achieved if non-clinical HIV prevention interventions such as Behavior Change Communication (BCC) and Awareness Campaigns are effectively implemented. In order to design appropriate HIV prevention programs, it is important to examine the perception and knowledge of HIV and AIDS and methods of prevention. The objective of this study is to examine comprehensive knowledge of HIV and AIDS and the factors associated with comprehensive awareness of HIV/AIDS among adult people in Ghana. A review of programs on the awareness of HIV and AIDS among the general adult population remains limited in Ghana. Interventions are needed to build knowledge of HIV and AIDS transmission and prevention methods through mass media campaigns, and information, education and communication programs (IEC) on HIV and AIDS.
Intervention programs presuppose that health related behaviour is determined by individuals' perceptions of their proneness to infections, the benefits they derive from behaviour change and the constraints they face to change (Adedimeji, 2005) . Others argue that behavioural change goes beyond the individual perception to a much broader engagement within the social, cultural, political and economic contexts (Sweat & Denison, 1995) . This means that merely providing basic awareness of HIV and AIDS may not provide enough information to prevent the spread of the infection. Additional communication processes may be needed in order to promote behavioural change (Brown, Macintyre, & Trujilo, 2003) . The underlying motivation of many HIV and AIDS awareness campaigns is the fact that the possession of adequate and correct knowledge will drive preventive efforts (Odu & Akanle, 2008) . For instance, the belief that a healthy-looking person cannot be infected with HIV is a common misconception that can result in unprotected sexual intercourse with otherwise infected partners. This precludes that rejecting major misconceptions about modes of HIV transmission is as important as correct knowledge of true modes of transmission.
In Ghana, the general awareness of HIV and AIDS is high with about 98 percent of all respondents having heard of HIV/AIDS (Ghana Statistical Service (GSS), 2014). However, many Ghanaian adults lack accurate knowledge about the ways through which HIV can and cannot be transmitted. Only 18% of women and 30% of men have comprehensive knowledge about HIV/AIDS. Comprehensive knowledge on HIV and AIDS is important in the adoption of behaviour that reduces the risk of HIV transmission. Studies have shown varying levels of comprehensive knowledge about HIV and AIDS across the continent but the across 23 countries show that countries in West Africa had the lowest levels of comprehensive knowledge compared with East Africa and southern Africa (Mishra et al., 2009; Wang, Alva, & Wang, 2012 ). Other specific country-level studies find low levels of comprehensive knowledge. For instance, among slums in India (Jha et al., 2015) , among urban young women in Kenya (Ochako et al, 2008) and among in-school adolescents in Ethiopia (Oljira, Yemane & Alemayehu, 2013) . This shows that a huge knowledge gap needs to be addressed. Some examples of common misconceptions include: a person can get HIV from a mosquito bite, by sharing food with someone who is infected, by hugging or shaking hands with an infected person or through supernatural means.
The aim of this study is to examine trends in comprehensive knowledge of HIV and AIDS and determine the factors associated with comprehensive awareness of HIV and AIDS among adult women and men in Ghana. Two general questions are raised in this study. First, what are the distributions of comprehensive knowledge of HIV and AIDS among adults in Ghana and then what factors determine comprehensive knowledge of HIV and AIDS among adults in Ghana?
Data and Methods

Source of Data
This study uses data from Surveys to provide the trend in comprehensive HIV and AIDS knowledge among adult population (GSS, 2003; . The GDHS are nationally representative surveys of women aged 15-49 years. Bivariate and multivariate analysis are based on the latest available data, GDHS 2014, to provide a clear indication on the most recent determinants of HIV and AIDS comprehensive knowledge among adults in Ghana. The 2014 Ghana Demographic and Health Survey (GDHS), a nationally representative survey of 9,396 women age 15-49 and 4,388 men age 15-59 from 11,835 interviewed households. The primary purpose of the GDHS 2014 is to provide information on fertility, family planning, infant and child mortality, maternal and child health, and nutrition. The survey also collects information on malaria treatment, prevention, and prevalence among children age 6-59 months; blood pressure among adults; anaemia among women and children; and HIV prevalence among adults. The survey was conducted by the Ghana Statistical Service (GSS), the Ghana Health Service (GHS), and the National Public Health Reference Laboratory (NPHRL) of the GHS.
Study Variables
The outcome variable in this study is comprehensive knowledge of HIV and AIDS measured by correct answers to HIV transmission modes and HIV prevention methods. A respondent is considered to have comprehensive knowledge of HIV and AIDS prevention methods if s/he responded positively (yes) to Questions 1 -3 and responded negatively (No) to question number 4 as below. The questions asked were: 1) a healthy looking person can have HIV, 2) HIV cannot be transmitted by supernatural means, 3) a person cannot contract HIV by sharing food with a person who has HIV and 4) HIV can be transmitted through mosquito bites. An index of comprehensive knowledge is created based on the number of correct responses. The index has three categories of responses -inadequate, average and comprehensive knowledge. The classification of responses into these three categories are deemed appropriate due to the wide variations in the responses to the questions.
As considered in similar studies in Ethiopia, Kenya and India the independent variables will include socio-demographic and economic characteristics such as age, education, marital status, occupation, media exposure, prior HIV testing and wealth index. Behavioral attitudes are captured by frequency of listening to radio (media exposure). Also included will be accepting attitudes toward People Living with HIV/AIDS (PLHIV). In the DHS surveys, respondents were asked about four aspects of acceptance of people with HIV: whether they would want to keep it secret that a family member had HIV; whether they would be willing to care for a family member or relative with HIV; whether they believed that a female teacher (some surveys did not specify the gender of the teacher) living with HIV should be allowed to continue teaching; and whether they would buy fresh vegetables from a vendor who had HIV. Despite the gains made by the national response, HIV and AIDS-related stigma and discrimination is still a pervasive problem, and PLHIV in Ghana, as elsewhere, face stigma and discrimination in a variety (Note 1). It will therefore be important to test if these variables are correlates to comprehensive knowledge of HIV and AIDS.
Methods of Analysis
Descriptive statistics and time (year of survey) were used to achieve the show trends in comprehensive knowledge. Bivariate and multivariate logistic regression was used to identify the main correlates of comprehensive HIV and AIDS knowledge. Explanatory variables were included in the multivariate model.
Regression Models
The multinomial logistic model is applied in the estimating the predictors of comprehensive HIV/AIDS knowledge in Ghana. This is because the multinomial logistic model is based on the maximum likelihood estimation to evaluate the probability of categorical membership. The multinomial logistic model allows for more than two categories of the dependent variable to be estimated. Comprehensive HIV/AIDS knowledge has been defined to include three sets of alternatives hence the use of the multinomial logistic model in comparing the various alternatives.
The multinomial logistic model can be stated as:
where ij P is the predicted probability of categorical membership, i X is a set of explanatory variables, and j  are the estimated coefficients, including an intercept term. The multinomial logit model ensures that
To ensure model identification, is set to zero for one category of responses, and coefficients are interpreted with respect to that category, called the base outcome. Multinomial logit is based on an assumption of independence among choices made on dependent variable. The assumption states that the choice of one category is not related to the choice of membership in another category. To address this, the study uses the Hausman IIA to test for the assumption of independence among dependent variable choices (Hausman & McFadden, 1984) . The study presents the marginal effects of the multinomial logit regression. The statistical software STATA version 14 was used for analysis.
Spatial Analysis
The Mapping analyses were conducted using ArcGIS version 10.4 (ESRI, Redlands, CA, USA). The Regional boundaries and administrative units were obtained from DIVA-GIS Free Spatial Data (Note 2). These data were originally obtained from Global Administrative Areas (GADM) and the Defense Mapping Agency (DMA) Digital Chart of the World, Fairfax, Virginia, 1992 (Note 3). The study relied on GPS coordinates in the 2014 GDHS which contained aggregated individual characteristics and HIV knowledge scores from each Enumeration Area (EA). These were joined to the EA layer polygon shape file. Records were joined based on each EAs unique identification code to create thematic maps. The data were classified by the natural breaks method, which identifies the partitions capable of achieving the minimum difference between the specimens in the same segment and the maximum difference between specimens in the various segments (Bivand, Pebesma & Gόmez-Rubio (2008) . Table 1 shows the description of 10,956 adults aged 15-49, interviewed in the GDHS 2014 survey.
Results
Sample Description
The sample consisted of 67% female, 55% currently married and almost evenly distributed across the five household wealth categories. However, 22% of the total were in the poorest wealth quintile. Majority had secondary education or above (65%) with most them in some form of employment (78%). With regard to media exposure, about 60% of them had listened to the radio at least once a week prior to study. Based on correct answers to questions testing respondents' knowledge on HIV/AIDS transmission, an index of knowledge is constructed using the principal component analysis technique. A summary statistics of the index of comprehensive knowledge is presented in Table 2 . About a third, 31% of the respondents had comprehensive HIV and AIDS knowledge while 34% had inadequate knowledge of HIV and AIDS knowledge. Broken down into the individual questions, 53% of the sample believed that HIV and AIDS was caused by witchcraft or supernatural means. Majority of them believed that a health person could have HIV and AIDS (85%) and 71% were positive that HIV and AIDS was not transmitted by sharing food with others. However, 36% of them believed that mosquito bites caused HIV and AIDS. Stigma and discrimination is still rampant as 66% would not buy fresh vegetables from PLWHA and 54% will keep their positive status from family and friends (Table 3) . 
Results for Spatial Analysis
The spatial distribution of HIV knowledge in Ghana is illustrated in Figure 1 - Figure 3 . These figures show the presence of spatial variations of HIV knowledge which is useful to existing HIV prevention programs. HIV knowledge score is highest in the red coloured regions and lowest in the green coloured regions as seen in the Knowledge maps. Figure 2 shows that medium knowledge of HIV in the respondent ranges from 5.11% -13.74% with the highest rates reported in the Ashanti and Western Regions. Figure 3 shows the distribution of comprehension knowledge of HIV across the country. High comprehensive knowledge of HIV was observed in the Greater Accra Region, which is the capital region of Ghana. Low comprehensive knowledge of HIV was observed Volta, Brong Ahafo and Upper West Regions. Standard errors in parenthesis. ***p<0.01 **p<0.05 *p<0.1.
Multivariate Analysis
The marginal effects indicate significant gender differences in comprehensive knowledge on HIV/AIDS in Ghana. Specifically, we find that females are more likely to possess inadequate and average knowledge on HIV/AIDS transmission compared to their male counterparts. On the contrary, the probability that a female will possess comprehensive is reduced compared to males. The effect of gender on comprehensive HIV/AIDS is similar to the findings of Oljira et al., (2013) in a study among in-school adolescents in eastern Ethiopia. They suggest that such gender effects on HIV/AIDS knowledge may result from cultural norms and values which may restrict females from discussing sexually related issues and encourages such discussions amongst males. This gender gap in knowledge on the correct modes of transmission of the HIV/AIDS virus requires that policies that are initiated to provide HIV/AIDS education to take into consideration the needs of women.
Similar to the gender differences in knowledge on the modes of transmission of HIV/AIDS, there exists locational effects on the determinants of comprehensive HIV/AIDS knowledge in Ghana. Compared to urban residents, rural residents are more likely to have inadequate knowledge on HIV/AIDS and less likely to possess comprehensive knowledge. The differences in the effect of the location of the household on HIV/AIDS knowledge may reflect the urban biasedness of HIV/AIDS educational campaigns in Ghana.
We further examine the relationship between current marital status of the respondents and comprehensive HIV/AIDS knowledge. The results indicate that being ever married or in a union (currently or previous) is associated with an increase probability of inadequate HIV/AIDS knowledge. These results are similar to Okacho et al., (2008) in a study among urban women in Kenya. The relationship between marital status and HIV/AIDS knowledge is confirmed by the significant negative effect of previously being married or in a union on comprehensive HIV/AIDS knowledge.
Generally, the results indicate significant relationships between the level of educational attainment and the level of awareness of HIV/AIDS transmission modes. The results reveal that compared persons with no formal education, any level of formal educational attainment is associated with a reduction in the probability of inadequate HIV/AIDS knowledge. Equally, attaining basic as well as secondary education exerts a positive effect on a respondent possessing average HIV/AIDS knowledge. Whilst attaining secondary and tertiary education has a significant positive relationship on comprehensive HIV/AIDS knowledge. These results may be taken as indications of the effect of mainstreaming HIV/AIDS into the formal educational curriculum. Surprisingly, we do not evidence of the effect of media exposure on comprehensive HIV/AIDS knowledge in Ghana.
We proceed to examine the relationship between occupational status and HIV/AIDS knowledge in Ghana. An essential part of the HIV/AIDS campaign in Ghana has focused on the workplace. The National Workplace HIV and AIDS policy amongst other objectives sought educate persons on the HIV/AIDS and promote healthy sexual and reproduction health among workers. The marginal effects reveal that compared to unemployed persons, employment in services/sales; agriculture and manual (skilled and unskilled) activities are associated with higher probabilities of inadequate HIV/AIDS in Ghana. Conversely, employment in these sectors is associated with reduced likelihood of comprehensive HIV/AIDS knowledge. However, employment in the professional, technical, managerial and clerical occupations increases the probability of possessing comprehensive knowledge. The results of the effect of occupation must be taken with caution as the estimates may reflect the effect of other demographic characteristics such as education on comprehensive HIV/AIDS knowledge. Such a caution is reinforced by the correlation between educational attainment and the type of occupation.
Household wealth index is included as one of the explanatory variables as we expect that household wealth may affect household ability to access multiple sources of exposure to HIV/AIDS information. The results indicate that respondents residing in richer households (fourth and fifth quartiles) are less likely to possess inadequate knowledge of HIV/AIDS transmission modes and more likely to possess average HIV/AIDS knowledge. It is however surprising that the results reveal a negative relationship between residence in a richer household and comprehensive HIV/AIDS knowledge. This results are contrary to the findings of earlier studies (Ochako et al., 2011; Oljira, Yemane, & Alemeyehu, 2013) .
We investigate the relationship between attitudes to persons with living HIV/AIDS and the level of knowledge on HIV/AIDS transmission. The effect of the attitude variables on HIV/AIDS knowledge may be bi-causal as such attitudes may be influenced by the level of HIV/AIDS knowledge. The marginal effects indicate that respondents who reported to be willing to care for family members with HIV/AIDS are less likely to possess inadequate HIV/AIDS knowledge and increases the probability of possessing comprehensive HIV/AIDS knowledge. Equally, respondents who agreed that a teacher with HIV/AIDS should be allowed to teach are less likely to have inadequate and more likely to possess comprehensive knowledge in HIV/AIDS. Similar results are obtained for respondents report that they will buy vegetables from a vendor with HIV/AIDS. On the other hand, respondents who report to keep it secret if a family member has HIV/AIDS are less likely to possess comprehensive HIV/AIDS knowledge.
Trends in HIV/AIDS Knowledge in Ghana
Trends Although progress has been attained in terms of general awareness of HIV and AIDS which is quite high (98% for women and 99% for men) according to the Ghana UNGASS report for 2014, comprehensive knowledge is still way below the 90% target set by UNGASS. It is quite clear that the gap between general awareness of HIV and AIDS and comprehensive knowledge of HIV and AIDS raises concern for HIV and AIDS prevention efforts in Ghana. Accurate and high levels of comprehensive knowledge on HIV and AIDS transmission is essential if new infections can be prevented (UNGASS, 2014).
The decreasing trend in HIV and AIDS comprehensive knowledge among this adult age cohort could be attributed to inadequate provision of information during mass media campaigns. HIV campaign efforts spearheaded by the government, non-governmental and civil society organizations seemed to have lost momentum. Given that the majority of infections (72.3%) occurred among the general low risk population, there is a need to target prevention activities to increase comprehensive knowledge of HIV and AIDS. However, workplace HIV and AIDS related activities seem to have increased comprehensive knowledge of HIV and AIDS among people who worked in the formal sectors in Ghana.
According to study findings education plays a significant role in determining one's comprehensive knowledge of HIV and AIDS. However, it also shows in the data that education status may affect one's occupation, wealth status and attitudes to PLHIVs (Rahman & Rahman, 2007) . This study found education to be a significant predictor of having comprehensive HIV and AIDS knowledge, a finding consistent with studies carried out in other countries in the sub-region (Mishra et al, 2009) . A study among both women and men in slum and non-slum areas in India, showed that educated men were significantly more likely to have comprehensive knowledge of HIV/AIDS prevention methods than uneducated in non-slum areas (NJA). In Ghana, the study finds that urban dwellers were more knowledgeable compared to their rural counterparts yet this is not reflected in the wealthier cohorts. A finding that implies that richer individuals have limited comprehensive knowledge of HIV and AIDS in Ghana. A sub set of ever married and still in union respondents had less comprehensive HIV and AIDS knowledge compared to their never married counterparts. This raises a number of questions about how media campaigns on HIV and AIDS are packaged in Ghana -who is targeted and who is reached? The regional variations in comprehensive HIV and AIDS knowledge shown in the spatial analysis is reflective of current distribution in HIV prevalence at the regional level. For instance, the Volta region and Brong Ahafo region have the highest prevalence rate (2.7 percent) according to the 2016 HIV sentinel survey (NACP, 2017) and they are also the regions with low scores of comprehensive HIV and AIDS knowledge. The most significant change in regional prevalence is the Upper West region which increased from a prevalence rate of 1.3 percent in 2015 to 2.5 percent in 2016 (NACP, 2017) . The region scored the lowest in all the three levels of comprehensive HIV and AIDS knowledge in the spatial analysis.
HIV stigma and discrimination can prevent individuals attaining adequate information about HIV and AIDS. HIV stigma and discrimination is a significant driver of new infections in Ghana. The findings from this study indicate that individuals with accepting behaviour towards PLHIV were more adequately informed and possessed adequate comprehensive knowledge of HIV and AIDS. Correct knowledge of false modes of HIV transmission is as important as correct knowledge of true modes of transmission. For example, belief that HIV is transmitted through mosquito bites can weaken motivation to adopt safe sexual behaviour. The results indicate that about 53% of respondents believed that HIV and AIDS was caused by witchcraft or supernatural means. This is a common misconception that can dissociate the causes of HIV and AIDS and key behavioural patterns such as unprotected sexual intercourse with previously infected partners (Agyemang & Tagoe-Darko, 2012; Mbonu et al, 2009 ; Ahsan Ullah, 2011).
Conclusion
The level of comprehensive knowledge about HIV/AIDS has increased, but in most countries, especially in West Africa, levels remain very low although general awareness seems high. The knowledge and behaviour of most at-risk populations and other at-risk populations such as the youth play an important role in the contribution of the HIV epidemic in Ghana. Monitoring the knowledge and behaviour of the population is key to attaining Ghana's HIV and AIDS targets. Prevention programmes continue to be the main stay of the HIV response in Ghana. With a national prevalence increasing to 2.4%, prevention activities must be increased as a matter of urgency to halt and reverse the HIV epidemic in the long term.
The main limitation of the paper is the difficulty in drawing conclusions with three points of cross-sectional data. However, the thematic mapping of HI/AIDS knowledge score, enables us to show the distribution of comprehensive knowledge across country. Comprehensive knowledge on HIV is the first step in the adoption of behaviours that reduce the risk of HIV transmission. The knowledge and behaviour of most at-risk populations and other at-risk populations such as the youth play an important role in the contribution of the HIV epidemic in Ghana.
Monitoring the knowledge and behaviour of young people is key to attaining Ghana's goals. Combination of evidence-informed and targeted interventions in HIV programmes is the key for effective HIV prevention. However, it is also important in other settings as it can be used to ensure that pre-existing high levels of knowledge are maintained.
